Real-time PCR data from every gene expression analysis experiment have to be normalised with appropriate reference genes, which are uniformly expressed in a sample set being analysed. Ref-
| INTRODUCTION
In Europe, pea (Pisum sativum L.) is the second most widely grown grain legume (FAO 2014) . It is used both as a human food and as a component of animal feed. It has high protein content in seeds and provides many environmental gains. Legumes have the ability to fix atmospheric nitrogen. Cultivation of pea improves soil fertility and decreases the demand for N fertilisers, which contributes to the sustainability of agriculture (Fondevilla et al., 2011; Köpke & Nemecek, 2010) . Lodging is one of the main limitation factors in pea cultivation.
A collapsed canopy provides a favourable microclimate for fungal pathogens to develop, and makes harvest more difficult and expensive (Tar'an et al., 2003) . This disadvantageous phenomenon may lead to severe yield loss, that is, up to 74% (Zhang et al., 2006) . Research on Medicago truncatula revealed that cell wall composition and tissue stiffness depend on the cell wall gene expression (Zhao et al., 2010) .
Former studies suggest that pea lodging resistance depends on stem morphology and lignin content. Total cellulose and lignin content are negatively correlated with lodging susceptibility (Banniza et al., 2005) .
Gene expression analysis in pea cultivars that differ in lodging susceptibility and lignin content may give a new insight into the molecular basics of lodging resistance.
Reverse transcription quantitative PCR (RT-qPCR) became a gold standard for medium throughput gene expression analysis (Derveaux et al., 2010) . When performed successfully without issues of DNA contamination, PCR inhibitors and primer-dimer formation, the method is very sensitive and accurate. It may be used in order to explain molecular mechanisms underlying biological processes, and to determine physiological functions of tested genes. RT-qPCR also enables to confirm outcomes of other techniques (Lu et al., 2013; Toutges et al., 2010; Shen et al., 2010) . RT-qPCR was used to identify candidate genes involved in cold response in pea (P. sativum) (Legrand et al., 2013) . Doumayrou et al. (2017) used this technique to quantify pea enation mosaic virus. RT-qPCR was also used to investigate the expression of transporter genes and cytokinins in pea (Jameson et al., 2016; Ninan et al., 2017) . Serova et al. (2017) used real-time PCR in research focused on nodule senescence in pea. Reliable mRNA quantification requires the use of appropriate normalisation genes, which are characterised by stable expression in different sample types and experimental conditions (Ponton et al., 2011) . According to numerous studies, commonly used normalisation genes may display different expression levels, depending on the used biological system (Schmid et al., 2003; Schmittgen & Zakrajsek, 2000) . To allow an accurate calculation of normalised relative expression for a given target gene across all treatments considered, potential normalisation genes have to be tested for the specific experimental design, including sample type and experimental conditions (Lu et al., 2013; Vandesompele et al., 2002; Huggett et al., 2005) . In this study, we report the valida- (Guerriero et al., 2014; Wang et al., 2017; Imai et al., 2014) . The chosen genes showed the most stable expression in pea leaf and root tissues, under different conditions (Saha & Vandemark, 2012; Die et al., 2010) . The aim of this study was to check their expression in stem fragments of pea cultivars with different lodging resistance. Lodging is a phenomenon that occurs when the plant stem bends near the ground surface, which may lead to the collapse of the whole canopy. It may cause severe yield loss. Our work is the first step to perform studies that may help to understand the molecular mechanism of lodging resistance of pea.
| MATERIALS AND METHODS

| Plant material and growth conditions
Seeds of three pea cultivars: Agra, Carneval and MP1401 (P. sativum 
| RNA isolation and cDNA synthesis
Using GeneMATRIX Universal RNA Purification Kit (Eur x Ltd., Gda nsk, Poland) and according to the manufacturer's protocol, the total RNA from all samples was extracted. Using DS-11+ spectrophotometer (DeNovix Inc., Wilmington, DE), concentration and purity of each RNA sample were measured. By denaturing agarose gel electrophoresis, the integrity of RNA samples was also assessed. NG dART RT kit (Eur x Ltd.) was used to obtain cDNA, and reverse transcription reaction was performed in 20 μL with 400 ng of RNA.
| Primer designing and real-time PCR analysis
Using Primer3Plus software, primers were designed (Untergasser et al., 2012) under default parameters. Table 1 
| Analysis of gene expression stability
We used geNorm (Vandesompele et al., 2002) and RefFinder software (Xie et al., 2012) to analyse the gene expression stability.
| RESULTS
The experiment was conducted on pea (P. sativum) lines (Agra, Carneval, MP1401 and P665). RNA was isolated from stem tissue (fourth internode). RNA purity and integrity were verified by the absorbance ratios Table S1 . The highest mean reaction efficiency in all samples was observed in ACT (102.1%), and the lowest in TF2A (96.6%) ( Table 2 ).
In order to analyse the expression stability of tested genes in different developmental stages and environmental conditions, we used geNorm software. The geNorm is an application that enables calculation of the gene stability measure "M" for all genes in a given sample collection. Vandesompele et al. (2002, pp. 3-4) defined gene stability measure M as: "the average pairwise variation between a particular gene and all other control genes." According to this method, two ideal reference genes have the same expression ratio in all the samples being analysed then the M measure is "0." (Vandesompele et al., 2002) . In practice, the most stable genes have the lowest "M" value (Jain et al., 2006 and TUB had the lowest stability value then was TF2A. In addition, we analysed our data in a set including all 33 samples. In this instance, the lowest stability values were observed for PP2A and TUB then for TF2A.
The highest values were observed for histone H3 and ACT (Figure 4 ).
In addition, RefFinder software was used to assess gene expression stability. RefFinder enables data analysis with several programs as follows: BestKeeper, Normfinder, geNorm and with the comparative delta Ct method. It generates the rank of recommended genes according to results generated with mentioned programs (Xie et al., 2012 Quantitative real-time PCR originated in health-related research (Bièche et al., 1998; Raggi et al., 1999) . High specificity and sensitivity make it a very useful detection tool. In plant studies, it was initially used for pathogen detection (Weller et al., 2000; Cullen et al., 2002) , and to identify the presence of genetically modified plants in food (Bubner & Baldwin, 2004; Terry & Harris, 2001; Holck et al., 2002) . Now real-time PCR is used mainly for gene expression analysis, which requires the normalisation of real-time PCR data against reference genes (Jain et al., 2006) . Ideal reference genes should exhibit stable expression among all the tested samples. Usually the most suitable are genes involved in basic cellular mechanisms. Nonetheless, many studies indicated that expression of these genes may vary under different experimental conditions (Czechowski et al., 2005; Dheda et al., 2005) .
Taking into account these considerations, every gene expression analysis should begin with the validation of reference genes in a given sample set under specific experimental conditions. and histone H3 (H3) (Die et al., 2010) . In this study, we analysed gene expression stability of these five genes in four pea lines (Agra, Carneval, MP1401 and P665) , which have different lodging susceptibility (Boros, 2003; Fondevilla et al., 2008) . RNA was isolated from stem fragments (fourth internode) of plants at different developmental stages and environmental conditions (greenhouse and field). In a set of all samples, the three genes with highest stability were PP2A, TUB, and TF2A, which corroborates former results (Die et al., 2010) .
In our study, ACT had the lowest stability, and it should not be used as a control gene in a given experimental set. The expression of this gene in stem fragments varied under different experimental conditions and developmental stages. This is a common situation that even the housekeeping genes exhibit a variation in their expression because of different experimental conditions (Valente et al., 2009 Analysis of variance of cq and efficiency values may be used to judge whether the variance is statistically significant (Rieu & Powers, 2009 different stem stiffness and lodging susceptibility. This is the first step to perform the gene expression studies connected with lodging resistance of pea. In the future, it may be possible to find genes which expression is correlated with lodging resistance of the pea.
